Studies of epilepsy have documented the unpredictable, yet potentially devastating, effects of these disorders on the higher cortical functions of children and adults. (Brown & Reynolds, 1981; and Dodrill, 1981 , provide excellent overviews of the many complex issues involved.) Nonetheless, the specific associations between seizure type (e.g., focal vs. generalized) and the resulting dysfunction are unclear and quite confusing. Methodological issues involving the use of different nosologies for classifying seizures, dissimilarities among patient populations, diagnostic errors, and highly variable individual differences among epileptics (e.g., variations in age, age-atonset of seizure disorders, seizure frequency, seizure duration, exposure to pharamocological therapy) have all been long recognized as contributing to the lack of clarity in this area (Brown & Reynolds, 1981; Hermann & Whitmann, 1984; Pincus &Tucker, 1985; Stores, 1981) .
begun to systematically explore the structure of the Halstead's indices.
The present study was undertaken to address these issues by first conducting a factor analysis of adult epileptics' behavior on a modified Halstead Battery, and then relating the factors that emerged to a lateralization index derived from electroencephalographic data. Our intent was to examine the association of the Halstead's dimensions to localized neurological abnormalities (i.e., ictal foci). According to conventional wisdom, some higher cortical functions, such as verbal comprehension and abstract reasoning, are more dependent on the functional integrity of the left cerebral hemisphere, while others, such as spatial-perceptual organization, are more dependent on the right. It follows, then, that verbal-cognitive abilities may be most impaired among epileptics whose seizure foci are located in the left hemisphere; spatial-perceptual organization should be most impaired among those whose seizure foci are located in the right. Differential predictions for mental activity variables (e.g., selective attention) are not possible, since disruptions in these higher cortical functions can be equally provoked by focal as well as more widespread involvement of the cerebral hemispheres (Neisser, 1976; Pincus & Tucker, 1985) . More specifically, we are predicting that when general level of functioning is controlled, epileptic patients whose electroencephalograms suggest left hemispheric neuroelectric abnormalities (viz., left-sided ictal foci) will score lower on verbal comprehension and abstract reasoning. Those whose EEG's suggest right hemisphere abnormalities (viz., right-sided foci) will score lower on perceptual organization.
METHOD

Subjects and Procedures
One hundred eight epileptic adults (59 men and 49 women), who were referred for neuropsychological evaluation to the Comprehensive Epilepsy Program at the University of Virginia Medical Center, participated in this study. As a part of a wider assessment, a modified Halstead Battery of 45 neuropsychological measures was administered. In all, 54.5% of the sample were classified as "partial seizure disorder," while 45.5% were classified as "generalized seizure disorder." Etiologies were quite varied, encompassing head injury, infectious disease (e.g., encephalitis), intracranial tumors, and cerebrovascular disease (e.g., stroke). In over half of this sample, no firm etiology could be determined, a finding which is compatible with known statistics on the epilepsies (Epilepsy Foundation of America, 1975) , especially in the instance of late onset. At the time of their neuropsychologcal evaluations, 91.2% of the sample were receiving at least one anticonvulsant (usually Phenobarbital or Dilantin) and, in many instances (63.1% and 24.1%. respectively), two and three anticonvulsants. (These characteristics are comparable to those reported by Fowler, Richards, & Boll, 1980 , where further information about this sampie can be found.) Informed consent, as required (and approved) by the University of Virginia Hospital, was obtained for all patients priori to evaluation,
Factor Analysis
The 45 measures of the modified Halstead Battery were intercorrelated. A Kaiser-Meyer-Olkin estimate of the variables' sampling adequacy, a Bartlett's test of sphericity, and the number of off-diagonal elements greater than .09 in the anti-image covariance matrix were computed to determine the suitability of the correlation matrix for factor analysis (Dzuiban & Shirkey, 1974) . In addition, a Scree Test (Cattell, 1966 ) was conducted to initially estimate an appropriate number of factors for subsequent analyses. The results of this test suggested to us that four, five, or six factors might provide reasonable spaces for interpreting the intercorrelations among the measures. Accordingly, three maximum likelihood factor analyses were computed using program JFACTOR from SPSS (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1979) . After computing the initial orthogonal factor matrices, each solution was rotated to simple structure according to the direct oblimin criterion. The clearest simple structure was evident in five-factor space, and this model was selected as the basis for subsequent interpretation and analysis. Factor scores for each of these five dimensions were then computed, and a priori contrasts made on the basis of the hypotheses guiding the investigation.
Lateralization Analysis
Finally, EEG Iaterality indices were available for 87 of the original 108 patients. These patients' EEG's were interpreted by board-certified neurologists or EEG Fellows who were responsible for classifying these individuals into four categories: right-sided foci only (N=29), left-sided foci only (N= 13), bilateral foci (N= IO), and generalized (N= 35). The marked nonorthogonality of the design for these analyses (especially, the smaller numbers of subjects with left-sided or bilateral foci) limits, or at least conditions, the extent to which the findings can be easily generalized. Several of the original patients either did not have current EEG's available at the time of their neuropsychological assessment or the records did not lend themselves to easy classification. These subjects were, consequently, eliminated from subsequent analyses.
Factor Analysis
Means and standard deviations for all the variables are shown in Table 1 . Characteristics of the correlation matrix bearing upon its suitability for factor analysis are presented in Table 2 . It can be seen that these statistics are satisfactory, (Dzuiban & Shirkey, 1974) and that it is reasonable to factor analyze this correlation matrix. The rotated loadings for the five-factor solution are displayed in Table 3 .
The factors were interpreted in the following manner: Verbal Comprehension (Factor I), a dimension dominated by high loadings of the WARS's "Verbal Comprehension" grouping as well as high loadings for achievement indices; Motor Skills (Factor II), a group of tasks involving indices related primarily to motor strength and speed; Perceptual Organization (Factor III) is characterized by high loadings for haptic-motor performance as well as subtests from the WARS's Performance Scale that contribute to its "Perceptual Organization" factor; Selective Attention (Factor IV), a grouping of tasks that includes the WAIS's "Freedom-from Distractibility" triad (viz., Arithmetic, Digit Span, and Digit Symbol) as well as a variety of other tasks from the Halstead Battery and its ancillary procedures that index attention, concentration, and the ability to maintain a mental set; Abstract Reasoning (Factor V), a quartet from the Category Test of the Halstead Battery, reflecting concept formation ability as well as the integrity of short-term memory functions. These factors are analogous to dimensions that have been reported by earlier investigators (e.g., Royce et al., 1976) : They reflect broadly based dimensions of mental ability that are known to be relevant to performance on neuropsychological evaluation procedures.
The intercorrelations among the obliquely rotated factors are also shown in Table 3 . It can be seen that Verbal Comprehension (Factor I) and Abstract Reasoning (Factor V) are more highly correlated than any other pair of factors (r = 0.39). Since these two dimensions are both hypothetically linked to left hemisphere functioning, a combined score (viz., Verbal-abstract functioning) was computed by averaging Factors I and V. Thus, six scores, one for each factor and a combined one for Verbal-abstract functioning, were used in subsequent analyses.
Luteralization Analyses
In order to index each area of cognitive or sensorimotor functioning against overall level of performance, each set of factor scores was regressed on three or more of the other dimensions. More specifically, Factor I (Verbal Comprehension) scores were regressed on Factors II, III, and IV (Factor V, Abstract Reasoning, was excluded because of its close association with Factor I); combined Factors I and V (Verbal Comprehension and Abstract Reasoning) scores on Factors II, III, and IV. From these regressions, residual scores for Verbal Comprehension, Motor Skills, Perceptual Organization, Selective Attention, and Abstract Reasoning, and combined Verbal Comprehension and Abstract Reasoning (i.e., scores remaining after performance on the other factors was controlled) were determined. These residual scores served as dependent variables in subsequent analyses.
Six analyses of variance, one for each of the six sets of residual scores, were conducted across the four laterality categories. A priori contrasts were then made on the basis of the hypotheses: (a) Subjects with left-sided foci had been predicted to achieve the lowest residual scores on Verbal Comprehension, Abstract Reasoning, and the combined index; (b) those with rightsided foci to achieve lowest residual scores on Perceptual Organization; (c) those with generalized electrographic abnormalities to achieve highest residual scores on Verbal Comprehension, Perceptual Organization, Abstract Reasoning, and the combined index. (Note that generalized seizures, whatever the absolute magnitude of their effects might be, in all likelihood, would equally impair both right-and left-sided functions.) No predictions were made about performance on Motor Skills (Factor II) or Selective Attention (Factor IV).
Means, standard deviations, and test statistics are shown in Table 4 . It should be noted that no significant differences were found for Factors II (F= 1.014; n.s.) and IV (F= 1.960; n.s.). For all analyses, the variances of the four groups were homogeneous.
A clear structure is easily seen in this set of variables, even though several of them have a complexity (as indicated by their loading on more than one factor) that will require further explanation and investigation. The subtests of the Wechsler Adult Intelligence Scale comprise a set of useful "marker" variables that serve to identify these dimensions. In many respects, the patterns which have emerged for these epileptic patients are comparable to and Motor Skills factors may be all usefully subsumed within one of these broad categories.
Although the simplicity of this scheme is readily visible in our results, it is important to recognize that no absolute fit of the five-factor model obtained: The quality of the pattern of performance remains more complex than the model (as Newby et al., (1983) also found). This undoubtedly implicates the impact of these patients' seizures and their medications upon higher-order abilities, even though the effects of localized EEG abnormalities are consistent with our present state of knowledge regarding cerebral specialization (Luria, 1980 on the Selective Attention dimension reaffirms that these processes must be partly based, and dependent, upon the general integrity of multiple systems of higher cortical function. Evidence which emerges from a consideration of the impact of generalized versus local-onset of seizure activity on neurocognitive abilities (e.g., Giordani et al., 1985) suggests disruptions in this highly complex system may be initiated by virtually any disturbance of higher cortical function (Neisser, 1976) . Our results are most consistent, then, with that stream of previously published research (e.g., Meyer & Yates 1969; Newby et al., 1983; Royce et al., 1976) which indicates that, with careful attention to methodological issues, structural models of mental or cognitive space may be developed for neurologically impaired patients in a manner that does not sharply diverge from those previously developed for normal populations. Moreover, the relationships of such structural variables, as we have developed in this investigation, to personality traits, behavior (e.g., family functioning), and the temporal patterning of seizure disorders remain to be specified. In this particular population, one must also recognize that, even though the neuropathology that underlies the development (and, often, progression) of seizure activity may be stable, such pathology may produce second-ary effects in any number of systems (Goddard, 1983) . Further controlled investigation along these avenues, as previously adumbrated by Hermann & Whitman (1984) , is currently proceeding in our laboratory with epileptic patients and their families.
